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Introduction
Considerable progress has been made in recent years in developing behavioural microsimulation models for the analysis of employment responses to tax policy changes. These models are partial equilibrium supply side models in which the wage rate distribution is exogenous. They are designed to examine the effects on government expenditures, taxation and labour supply, allowing for the considerable complexity of individuals' budget constraints and taking into account the heterogeneity of individuals, their personal circumstances and preferences. 1 To restrict microsimulation models to the supply side of the labour market is not unreasonable, given the enormous difficulties of allowing for general equilibrium effects within models that are able to capture the degree of population heterogeneity, combined with the complexity of tax and transfer systems actually in place (or the difficulty of allowing for sufficient heterogeneity in computable general equilibrium models). However, substantial changes in labour supply as a result of a non-marginal policy change may be expected to give rise to changes in the wage rate distribution, depending on the demand for labour. It would therefore be desirable to have a way of accommodating such changes, at least to some extent. 2 This paper consider the question of how to take behavioural microsimulation analysis one stage further, by anticipating the possible aggregate effects of tax policy reform on wages. 3 Given a method of evaluating potential changes to the wage rate distribution, such effects can in turn be fed back into the microsimulation model in order to obtain adjusted labour supply responses and expenditure estimates. The proposed method involves a multi-stage procedure in which the simulated labour supply effects of a policy change are aggregated and combined with extraneous information about the demand side of the labour market. 4 It may be thought that a behavoural microsimulation model could be used to generate, by a simple numerical process of aggregation, a suitable aggregate labour 1 For a suvery of methods of dealing with labour supply responses in microsimulation models, see Creedy and Duncan (2001) . 2 Bergmann (199) discussed microsimulation models in which aggregate unemployment is generated, resulting from job search behaviour in the presence of unemployment insurance. However, all considerations relating to wage levels (on either supply or demand sides of the market) were ignored. 3 The analysis remains static in the sense that cross-sectional information only is used and individuals are not treated as forming expectations about future wages and prices, or optimising within a life-cycle framework 4 Alternatively, it is possible to consider the suitably aggregated output from a behavioural microsimulation model as providing information which may be fed into a general equilibrium model that is unable to deal with such population heterogeneity.
supply schedule that could be combined with an aggregate demand function, either estimated econometrically or generated by a general equilibrium model. However, a straightforward correspondence between the output from a microsimulation model and a conventionally defined aggregate supply curve is not possible. A number of aspects of the treatement of aggregate labour supply are discussed in section 2.
The procedure suggested in this paper for simulating feedback effects is presented in section 3. An example using the Melbourne Institute Tax and Transfer Simulator (MITTS) for Australia is presented in section 4. 5 
Aggregate Labour Supply
This section discusses the problems of aggregating labour supply and explains why no attempt is made here to produce a synthetic aggregate supply function. The first subsection stresses the complexities for aggregation arising from piecewise-linear budget constraints. The second subsection briefly discusses macroeconomic approaches and finally the aggregation problem is formally stated.
Individual Labour Supply
The standard microeconomic approach to the analysis of labour supply involves maximisation of a direct utility function U(c i , h i ; X i ), where h i and c i represent hours worked and consumption (or net income, where the price index is normalised to unity) for an individual i with characteristics X i , which includes non-wage income, subject to some budget constraint. This constraint is typically piecewise-linear so the individual faces a variety of net wage rates. The actual net wage depends on the chosen position on the budget constraint and is therefore, like the number of hours worked, endogenous. However, an interior (tangency) solution can be regarded as if it were generated by a linear constraint of the form
where w n and µ represent the appropriate net wage rate and virtual income respectively, define as the net income at h i = 0, for the relevant linear segment extended to the axis. An interior solution takes the form, e h i = e h i (w n , µ) and is relevant for a strictly limited range of gross wages, w. For corner solutions, the virtual wage is used, corresponding to the slope of the indifference curve at the combination of h i and c i . After consideration of all possible interior and corner solutions generated by a piecewise linear tax function, the individual's labour supply function, defined over the whole range of variation in the gross wage, w, takes the general form
where T refers to the complete tax and transfer system which generates the nonlinear constraints facing individuals. 6 The shape of this function is not straightforward, though it is made up of segments based on the form e h i (w n , µ). The nonlinearity of budget constraints gives rise to individual labour supply functions displaying considerable variation in the wage elasticity of hours supplied. Explicit consideration must be given to the extensive margin (at which movements into or out of employment occur) and the intensive margin (involving changes in the level of hours worked among those employed). 7 This raises severe problems for aggregation, as can be seen by considering an individual supply function.
It is important to distinguish between the wage elasticity defined with reference to the gross wage and that in terms of the net wage. The latter is most often reported in empirical microeconometric studies of labour supply, but the former is the more useful concept, taking full account of the endogeneity of the net wage. To illustrate, consider a hypothetical function applying to interior solutions, giving e h i = e h i (w, µ) of the form
The parameter β 1 > 0 represents the constant wage elasticity for this model. If the individual faces a simple linear budget constraint, the function e h i (w, µ) gives an accurate description of the hours responses to a change in the wage rate, for all w > w 0 , whereby h i > 0.
To show the distorting effects of a nonlinear tax and transfer schedule on an ostensibly constant elasticity model of labour supply, suppose individuals face a threesegment piecewise-linear budget constraint. 9 They also incur fixed costs when work- 6 The function must ideally be consistent with utility maximisation, allowing for the fact that individuals may be simulated to change the number of hours worked quite considerably in response to some policy reform. A first requirement is that (2) satisfies the integrability conditions. As derived by Hurwitz and Uzawa (1971) , these require (for necessity and sufficiency) the Slutsky matrix to be symmetric and negative semi-definite; for further discussion, see Deaton and Muellbauer (1980, pp.89-93) and Stern (1986, pp.145-146) . This requires the wage response of the compensated labour supply to be non-negative; that is, Heckman (1993) considered that in examining welfare reforms, the extensive margin is the more important. ing. The labour supply function h * i = h(w; X i , T ) is discontinous at the point of entry into the labour market. Furthermore, for certain wage rate intervals which place the worker on one of the kinks in the budget constraint, the relationship between wages and hours is negative. 10 Hence the net wage elasticity bears only a loose resemblance to the effect of a proportionate gross wage change, given the nonlinearities of the budget schedule. This type of phenomenon is illustrated by the various figures in Table 1 . The method proposed below is fully able to deal with these responses at the individual level.
Aggregate Supply Functions
The conditions under which aggregate observations on labour supply and commodity demands, as functions of some index of prices and wages, can be regarded as being consistent with individual optimisation, are very strong. For example, the use of a representative agent framework was examined in detail by Deaton and Muellbauer (1980) and, in the context of labour supply in particular, by Muellbauer (1981) . Furthermore, the conditions obtained by Muellbauer abstract from corner solutions which, as shown above, are of fundamental importance in microsimulation modelling in view of the piecewise-linearity of budget constraints in practice.
In models of labour supply based on aggregate time series data, it is therefore extremely difficult to deal appropriately with heterogeneity, either of individual circumstances or of responses to policy reform. Most aggregate studies tend to be based on the presumption that individual heterogeneity of responses 'average out' in aggregate, to leave a pure price, tax or wage response to a change in economic circumstances. Such an argument is entirely pragmatic.
An example of the treatment of aggregate labour supply in macroecomic models which are underpinned by a microeconomic foundation in optimising behaviour is provided by the intertemporal substitution model, following the early work of Lucas and Rapping (1969) . 11 The model is based on the argument that individuals form expectations about future real wages, in relation to current wages, based on movements in commodity prices. If real wages are considered to be high relative to expected future wages, current labour supply increases as a result of intertemporal substitution. Individual behaviour is thus explicitly linked to a life-cycle labour supply and commodity demand model. The degree of intertemporal substitution thereby affects the variability in labour supply, and therefore unemployment, over time. Empirical aggregate supply schedules are estimated using time series data on variables such as average hours, real wage rates, and tax payments. However, these models rely on a single individual, involving no explicit treatment of aggregation issues. 12 
Aggregating Labour Supply
To see how aggregation problems arise, consider again the individual labour supply function (2) presented above. At the observed wage of w i for person i, the predicted labour supply when faced with tax system T = T 0 is
One approach to aggregating individual labour supplies might be to predict and sum (or average) such labour supply predictions over a range of wage rages, with each individual being presented with the same wage rate. Using sample weights g i (representing the number of individuals of type i in the population), this would result in an aggregate supply of the form
at some common wage w. However, the interpretation of a function which returns the average of a set of individual labour supplies on the presumption that all are given the same wage is unclear. In practice, it would involve predictions of individual labour supplies at wage rates far from their observed wage w i . It may be possible to alleviate the second problem by weighting the average to reflect the distance of w from each observed wage w i using some weighting function K(.) 13 . This alternative distance-weighted schedule might take the form
for some smoothing parameter b.
14 Instead of attempting to define and obtain an aggregate supply function in which total (or average) labour supply is related to some given single or homogeneous wage 12 Discussion of the extensive or intensive margin usually involves simply the use in the econometric modelling of either changes in average hours worked or changes over time in the number of individuals; see, for example, Alogoskoufis (1987) . 13 One possibe choice might be a continuous, symmetric kernel function K(u) with characteristics K 0 (0) = 0 and R K(u)du = 1. 14 The smoothing parameter b would control the rate at which the weight function K(.) falls as the distance of w from w i increases.
rate (considered for example as a measure of location of the wage rate distribution), the approach suggested in this paper is to give up the objective of producing an aggregate function. Instead, a 'supply response schedule' is defined in a way which measures how labour supply responds to shifts in the distribution of wage rates. This supply response schedule is an entirely numerical construction, based on simulated labour supply responses to wage changes, conditional on a given tax and transfer structure. The supply responses are based on optimising behaviour, allowing for the full complexity of budget constraints and population heterogeneity.
A Multi-stage Procedure
This section describes a multi-stage procedure used to produce 'third round' effects of a policy change to the tax and transfer system, allowing for the effects on the distribution of wages. First the concept of the supply response schedule is defined. Further subsections describe the various stages involved, shifts in the schedule and the measurement of wage effects.
The Supply Response Schedule
The computation of a supply response schedule involves several stages. First behavioural microsimulation methods are used to simulate individual labour supply responses to a tax or welfare policy reform, taking full account of the detail of the existing tax and welfare system as it affects each individual. These individual labour supply predictions may be calibrated to reflect closely the actual labour supply patterns in a particular sample of micro data at the observed distribution of wage rates.
Next, a weighted average (using weights provided by the cross-sectional survey used) of the individual labour supply responses is calculated. This gives one point on an empirical supply response schedule. This aggregate measure combines individual labour supply predictions at both the extensive and intensive margins. 15 A supply response schedule, around the calibrated aggregated labour supply, is generated by modelling individual hours responses to a proportionate change in all observed wage rates. That is, the full wage distribution is perturbed, and the aggregate labour supply response to that perturbation is obtained. The perturbation is based on an index i w ∈ (−1, ∞) which replaces each individual's wage w i with an amount w i (1 + i w ). The aggregate schedule is then build by summing (averaging) 
For i w = 0 this reduces to H * a (0) = (
, which is a simple weighted average of predicted labour supplies at observed wage rates w i . For a function h(.) which calibrates predicted hours choices to replicate (or closely approximate) observed labour supply behaviour h i, this predicted aggregate H * a (0) at i w = 0 should be close to the observed aggregate H = (
The advantage of this type of supply response schedule, which is quite different from any type of aggregate supply function, is that each point on the schedule is consistent with a distribution of wages together with the underlying tax and transfer scheme and population characteristics. Movement along the supply response schedule may be presented as a shift in the entire wage distribution. This in turn can be fed back to a microsimulation model to preserve the heterogeneity of wage rates on which so much of the detail of microsimulation depends. A schedule of this type is shown in Figure 1 . This is very different from the aggregate supply schedules preduced at the macroeconomic level, as for example in the literature following Lucas and Rapping (1969), discussed above. These models presume a single consumer who, by definition, works at the intensive margin. If such a model were parameterised using predictions from the microeconometrics literature, the wage elasticity would generally be low. Empirical studies of labour supply support the view that most action takes place at the extensive margin of labour market participation, where higher elasticities of response are typically estimated. The fact that time series estimates indicate higher elasticities for aggregate models compared with microeconometric models may perhaps result from the fact that aggregate data represent a combination of participation and conditional hours choices.
The supply response schedule is an entirely numerical concept, as it traces the aggregate labour supply resulting from equal proportionate changes in wage rates, conditional on the tax and transfer system and the nature of the population. However, it can be generated directly from a behavioural microsimulation model and provides the information needed in order to produce appropriate feedback effects of tax policy changes.
Shifts in the Supply Response Schedule
Similar methods to those outlined above can be applied to simulate shifts in the supply response schedule resulting from a change in tax or welfare policy. Because the supply response schedule is build from the predictions of a behavioural microsimulation model, the effects of an enormous range of policy reforms could be simulated. These might include, for example, tax rate or threshold changes, adjustments in welfare payment tapers, or increases in the level of family benefits. The type of change is limited only by the level of tax system detail in the microsimulation model.
Suppose there are two tax systems, denoted T 0 and T 1 . Here T 0 may represent some benchmark tax system corresponding to a given year's microdata, and T 1 represents the tax system following a hypothetical policy reform. Let the predicted labour supplies of the ith individual at wage rate w i (1 + i w ) under systems T 0 and T 1 , be denoted respectively by h *
. By aggregating the difference between these predictions at any value of i w in the manner of (7), a simulation of the shift in overall labour supply when moving from tax system T 0 to T 1 is obtained as
Modelling Feedback Effects
For a given policy change, the standard microsimulation model can calculate the implications for total expenditure and tax revenue, on the assumption that there are 16 It is useful to refer to such non-behavioural changes in costs as the 'first round' effects of the policy change. The changes in costs and revenues, allowing for labour supply responses but keeping the wage rate distribution fixed, may be described as the 'second round' effects of the policy change. The second round effect is equivalent to a vertical movement from an initial supply response schedule (under T 0 in Figure 2 ) to the revised schedule (for T 1 ), that is keeping i w = 0.
The previous subsection has described how a shift in the supply response schedule, as a result of a tax and transfer policy change, can be generated. This shift can be used, in combination with information about a corresponding aggregate demand response schedule for labour, to generate a suitable value of i w . This value of i w is given by the intersection between the new supply response schedule and the demand response schedule. It can then be factored into a revised behavioural simulation to generate a new set of labour supply responses and costs for the same tax policy change, using a shift in the wage rate distribution. These new responses are referred to as 'third round' responses.
The second round effect of a tax or welfare policy reform is equivalent to the 16 A number of static microsimulation models have been used to inform policy in this way. Demand interaction of the aggregate supply response schedule with an infinitely elastic labour demand response schedule, so that an increase or decrease in labour supply is absorbed with no changes in the distribution of wage rates. In the absence of further information, it is of interest to consider the other extreme assumption of completely inelastic demand response. That is, if aggregate supply increases following some tax policy reform, then wages must fall proportionately in order to keep employment (aggregate hours) fixed at the initial level. This extreme is considered in the following section.
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Measuring Wage Effects in Microsimulation
Consider the extreme assumption whereby the labour demand response schedule is fixed at some level LD = LD. The shift in the aggregate supply response schedule can be used to simulate a proportionate change in the wage distribution following a tax policy reform. Figure 3 provides an illustration. Suppose that the tax system shifts from T 0 to T 1 following a policy reform in a way which causes the aggregate supply response schedule to shift downwards. That is, Under the restriction that demand is fixed at LD = LD, the supply shift increases the distribution of wages by some measurable proportion i * max . This factor may then be used to adjust each individual's wage, before being fed back into a revised behavioural simulation, as explained above. The result is the third round simulation in which both labour supply and wages adjust following the introduction of some tax policy reform.
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The inelastic demand assumption is an extreme case. With a flexible demand response schedule of the sort shown in Figure 4 , the same inward shift in aggregate supply produces movement both in the wage distribution and in equilibrium supply. Under these circumstances, the third-round shift in aggregate supply corresponds to the difference
where i * w is the difference (in i w space) in the intersections of the aggregate supply response schedules under T 0 and T 1 with the aggregate demand response schedule.
The approach can also be applied to separate groups, distinguished for example by education or occupation. This would produce a set of adjustment terms, enabling a change in the dispersion of wage rates to be modelled. A given policy change may produce wage increases for some groups while wages may fall for others, depending on the labour supply and demand effects.
An Empirical Illustration
To illustrate the use of aggregate supply response schedules in behavioural microsimulation, this section shows how the Melbourne Institute Tax and Transfer Simulator (MITTS) might be adapted to model the possible effects of tax reform on labour supply and the distribution of wage rates. 17 In the absence of a labour demand response schedule, the extreme assumption is used that labour demand is fixed at the level of the pre-reform distribution of hours. Suppose that in the Australian tax and transfer system of January 2000, the initial income tax rate is increased from 20 per cent to 25 per cent. The data used for these simulations are drawn from the 1997 Income Distribution Survey (IDS), a large sample of microdata with information on the labour supply, wage rates and demographic characteristics of around 7,000 Australian households.
Simulated Aggregate Supply Response Schedules
The aggregate supply response schedule for the full sample of working-age households was constructed by aggregating individual labour supply predictions from the behavioural microsimulation component, using the formulation (7). Labour supplies both under the baseline January 2000 system, and the reform system incorporating an increase of 5 percentage points in the basic income tax rate, were predicted. Using calibration methods, the simulated average labour supply under the January 2000 system at the observed distribution of wages is broadly equivalent to the overall average labour supply (around 19 hours per week) observed in the data. In Figure 5 , this correponds to the point on the first aggregate supply response schedule at which i w = 0. Varying i w under the January 2000 system produces the aggregate supply response schedule. Figure 5 shows that this empirical schedule is positive and monotonic over the range i w = {−0.5, 0.7}. 18 The corresponding bold line in Figure 6 translates the aggregate supply responses into an empirical wage elasticity schedule. At the distribution of wage rates observed in the data (i w = 0), an elasticity of around 0.62 for the full population is obtained, rising slightly as the distribution of wages increases beyond the observed level before falling for larger perturbations to the wage distribution. At lower wage rates (corresponding to negative i w ), the aggregate wage elasticity falls (to around 0.35 when all wages are halved). This decline in the aggregate wage elasticity might be caused in part by an increased reliance on transfer payments, particularly among low wage workers. The formulation in (8) is used to simulate a shift in the aggregate supply response schedule following an increase of 5 percentage points in the basic income tax rate. In Figure 5 , the post-reform schedule (the hashed line) is everwhere below the first schedule. At equivalent wage rates for all individuals in the sample, aggregate labour supply reduces following in the increase in taxes. At the observed distribution of wages, the average reduction in labour supply is around 0.36 hours (equivalent to around 2%).
19 19 This might appear relatively small when compared with an apparent reduction of around 7 per cent in the marginal wage (from w i (1 − 0.2) to w i (1 − 0.25) for a basic rate taxpayer). However, on closer inspection this tax rate is not realised for all who do not pay tax (those on low incomes and not in work). Moreover, the overall percentage change in net income is much lower than 7 per cent when account is taken of tax-free thresholds and higher tax rates (which remain unchanged following the hypothetical policy reform). 
Dissagregated Supply Response Schedules
The multi-stage method of generating aggregate supply response schedules may be extended to simulate the average labour supply responses of particular demographic groups, as suggested above. By averaging the same individual responses over target groups within the sample, rather than over the sample as a whole, it is possible to generate and compare a series of aggregate supply response schedules. Tables 2 to  4 show a series of comparative schedules. In each case, the left-hand panel shows the supply schedule and the right-hand panel translates these responses into average wage elasticities. Table 2 shows the comparative aggregate supply schedules of high-and loweducation individuals, displaying systematically higher labour supply on average among the higher educated group (in part as a consequence of combining simulated non-participants with workers in the empirical schedules). 20 The implied pattern of empirical wage elasticities is reversed, with higher elasticities among the loweducation group. This could be a manifestation of Heckman's (1993) observation simulated elasticities that higher labour supply responses are found at the extensive (participation) margin. Table 3 compares the average supply responses of sole parents with those of the full sample. Average labour supply is systematically lower, a function in part of lower participation rates among sole parents than among other groups in the population. The shift in the aggregate supply response schedule for sole parents is proportionately larger, reflecting an increased sensitivity among this group to changes in the net wage. This fact is borne out by a comparison of empirical wage elasticities, showing increased wage elasticities among sole parent households as wage rates fall (equivalently, as income tax rates rise). Similar comparative patterns emerge when comparing the aggregate supply responses of women and men, as shown in Table 4 . 
Simulating Wage Responses to a Policy Change
The previous section described a method by which to simulate the proportional effects on the wage distribution following a shift in the aggregate supply schedule. Under assumptions regarding the equivalent aggregate labour demand schedule, the intersections of simulated demand and supply might be used to model the extent to which wages might adjust followong a policy reform. With inelastic labour demand, the extent of the proportionate shift in wage rates could be simulated by measuring the horizontal distance i * max between the two aggregate supply schedules at the pre-reform level of aggregate supply; see Figure 3 . With a flexible demand response schedule, the full effect of the policy reform comprises shifts both in the wage distribution and in the equilibrium level of supply/demand; see Figure 4 . We consider both cases in our empirical simulations.
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For the empirical simulations described earlier, the third-round effects of the 5 percentage point increase in income tax can be measured under alternative hypothetical specifications of aggregate labour demand. We consider two alternatives in particular; the first assumes that demand is completely inelastic, so that Figure 7 shows the simulated aggregate supply response schedule, which applies to all individuals combined, and an aggregate demand schedule with elasticity ε d = 0.5. Figure 8 shows the relevant detail of the earlier figure, focussing on the locality of the intersection. For an inelastic labour demand schedule, the wage effect i * max is measured to be around 3.7 per cent (the horizontal distance between the aggregate supply response and supply shift schedules, measured from the point of intersection of the pre-reform labour supply schedule at i w = 0). 23 The second scenario assumes that labour demand is responsive to changes in the wage distribution, with an elasticity of 0.5. From Figure 8 , we are able to measure the effect of the microsimulated tax policy change on wages and labour supply/demand under the assumption of a clearing labour market. The third-round response combines a simulated increase of 2.07 per cent in the wage distribution, and a reduction of 1.0 per cent in aggregate labour supply.
To summarise the successive effects of a change in the tax system, Table 5 shows the first, second and third round effects of the hypothetical increase from 20 to 25 per cent in the basic rate of income tax, using the January 2000 Australian tax system for the benchmark. The percentage change in income tax revenues, aggregate labour supply and wages at the three stages of simulation described in this paper, are reported. 24 For the third round effects, results are reported for inelastic labour demand (providing an upper limit to the potential wage response) and for an aggregate demand elasticity of 0.5 (providing a more central simulation of the potential wage response). The first column of Table 5 shows only the first round effects of the income 23 This is obviously an extreme assumption. Nevertheless, i * max provides a useful basis from which to judge the likely wage response to some tax policy reform. 24 To get third-round estimates of the percentage change in income tax revenues and allowance costs, the simulated shift in the wage distribution is fed back into the detailed behavioural microsimulation process. This produces costs which adjust for the combined behavioural response to the tax increase and the simulated wage effect.
tax increase, with income tax revenues increasing by around 9 per cent. With no behavioural responses factored into the simulation, this is the only effect that a static microsimulation model predicts. The second column includes labour supply responses in the simulation. As reported in earlier sections, labour supply is predicted to reduce on average by 1.9 per cent in response to this tax reform. These behavioural responses have further effects on revenues and costs to the government; the reduction in labour supply results in a lower increase in income tax revenues than in the first-round simulation (from 9.1 per cent to 7.9 per cent). There is an increase in the cost of allowance payments, of around 2.8 per cent, as earnings fall. The final column of Table 5 shows how the earlier responses might change following potential adjustments in the distribution of wage rates. For a perfectly inelastic labour demand schedule, the shift in aggregate supply results in a proportionate increase of around 3.7 per cent in the distribution of wage rates. Feeding these wage increases back into an adjusted behavioural simulation, income tax revenues rise by 13.4 per cent compared with the status quo. The cost of allowance transfers actually falls by 0.5 per cent, since earnings increase with the adjustment in wages. As expected, aggregate labour supply remains effectively unchanged relative to the status quo, as is implied by the assumption of a fixed level of labour demand. 25 With an aggregate labour demand elasticity of 0.5, the adjustment is less extreme. Wage rates are modelled to increase by 2.1 per cent, and aggregate labour supply falls by around 1 per cent overall. These effects combine to generate an increase of 11.7 per cent in the revenue from income tax, and an increase of 0.1 per cent in the cost of allowances. So far, the results do not disaggregate the sample into demographic or other groups, so the same percentage wage change is applied to all individuals. Our method does not prevent the simulation of disaggregated wage effects, however. Suppose that the labour market comprises high-and low-education workers, with aggregate supply response schedules as shown in Table 2 . Suppose further that there exist separate sectoral demands for high-and low-education labour. To illustrate the potential to simulate sectoral wage responses, we parameterise constant-elasticity aggregate demand schedules for high-and low-education workers, with elasticities of 0.3 and 1.0 respectively. 26 These schedules are shown in the top panel of Table 6 . Separate wage detail -low education effects for each education group may be measured using the approach adopted for the earlier example. Focussing on the two localities of intersection (as shown in the second row of Table 6 ), the third-round effects of the shift in aggregate supply comprise (i) a 2.3 per cent increase in the wage distribution for high-education workers; (ii) a 1.6 per cent increase in the wage distribution for low-education workers; (iii) a reduction of 0.7 per cent in the demand for high-education labour; and (iv) a 1.6 per cent reduction in aggregate demand for low-education workers. As before, these sectoral wage shifts may be included in an second behavioural simulation in order that simulated government costs and revenues may be adjusted to account for differential supply responses.
Conclusions
The main aim of this paper has been to extend behavioural microsimulation modelling so that third round effects of a policy change can be simulated; these allow for endogenous changes to the distribution of wage rates resulting from the labour supply responses to tax changes. This has been achieved by the introduction of the concept of the aggregate supply response schedule which identifies the extent to which average labour supply responds to a proportional change in wage rates. Further disaggregation, by using supply response schedules for particular demographic or education groups, provides the possibility of introducing an endogenous change to the form of the distribution of wage rates as well as shifts, since different groups may experience different types of labour supply response to a given tax change, and therefore experience different endogenous wage rate changes. The use of the concept of the aggregate supply response schedule was illustrated using the behavioural microsimulation model of the Australian economy (MITTS), in which an increase in a marginal income tax rate reduces labour supply in the second round and consequently raises wages. Using a range of assumptions regarding the pattern of aggregate demand, we simulated increases of up to 3.7 per cent in the distribution of wage rates over the sample. After re-running MITTS with a suitable modification to individuals' wage rates, the third-round effects were found to generate substantially larger increases in income tax revenue than were suggested by initial non-behavioural costings. The results demonstrated the potential importance of allowing for such third round effects in microsimulation.
It is suggested that the approach, and the associated concept of the supply reconsistent with the view of Borjas (2000) that aggregate demand elasticities are typically lower for high-skilled workers than for low-skilled labour.
sponse schedule, can be extended to encompass a wide range of labour market adjustment models. This offers considerable scope for further research.
